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energy to the pair tangentially, at apastron. The ellipse would then grow wider, the eccentricity less, and the mean energetic distance from the earth's center greater. When the muzzle-velocity had attained to some 26,000 feet per second the elliptic orbit would have become widened into a circle, clearing the earth's surface and its mountain-tops, and returning the projectile to the point of its start once each eighty-five minutes. If the cannon had been wheeled out of the way during the progress of the first circuit of the earth, and if the atmosphere were absent, the projectile would continue thus as a satellite of the earth, in circular orbit, indefinitely.*
Suppose now that the muzzle-velocity of the projectile might be still further increased. Its orbit will now have become elliptic again. But now the point of start is located, not at apastron, but at periastron of the orbit. The projectile, at apastron, is "over" the antipodes; and at each increase of muzzle-velocity its height above the antipodes increases. The eccentricity of orbit now increases again. The major axis of the elliptical orbit elongates, and the period of time elapsing between each two returns of the projectile to the platform increases, according to Kepler's Third Law, from the original eighty-five minutes by the three-halves power of the major axis.
Finally, when the muzzle-velocity should have reached and surpassed some 37,000 feet per second, the orbit would have become, first parabolic, and then hyperbolic; and the projectile would depart from the earth forever. Any higher muzzle-
*This velocity is derived from Equation 17. Taking the values for g as 32.18, for the radius of the orbit as 3,960 miles and the mass of the earth as something less than 42Xio22, it appears from Equations 7 and 17 that the velocities of equilibrium are as follows:—
Ft. per sec.
Circular  motion  around   the  earth,  just   above  its   surface,     26,000
Vertical motion, directly "up" or away from the earth, sufficient to carry the projectile indefinitely into space—or contrariwise, the velocity of striking the earth after free fall from space directly toward the earth's center,............................ 37,ooo
The last figure gives the maximum velocity of relative motion which can exist between a mass-portion of the density and dimensions of our earth and a mass-portion considerably smaller, as the exclusive property of the pair, and which can continue indefinitely, without dissipation in either collision or dissociation. Should higher velocities than this be observed they must be the property not of the mass-pair between which they are observed by the eye, but of some much larger mass-system. Only such a larger mass-system could either generate or arrest such excessive velocities.